We construct log A-log S relations for stars based on median X-ray luminosities for dF, dG, and dK stars previously reported for the Einstein Observatory/Center for Astrophysics stellar survey and on a detailed X-ray luminosity function derived here for dM stars, and investigate the stellar contribution to the diffuse soft X-ray background. The principal results are that stars provide ~ 20% of the soft X-ray background in the 0.28-1.0 keV passband and therefore contribute significantly to the soft X-ray background in this energy range (with dM stars constituting the dominant contributing class), and that the stellar contribution to the diffuse X-ray background in the 0.15-0.28 keV passband is <3%.
I. INTRODUCTION
It has recently become evident from Einstein Observatory surveys that steady X-ray emission from normal stars is commonplace, and that, in particular, late-type main-sequence stars have broad X-ray luminosity functions (cf. Vaiana et al 1981) . These results raise anew the question of whether the normal galactic star population contributes significantly to the diffuse X-ray background at low energies (Hudson, Peterson, and Schwartz 1971; Lovell 1971) . There is extensive literature on this subject; the earlier results of Gorenstein and Tucker (1972) and of the Wisconsin group on stellar upper bound constraints (Vanderhill et al 1975) , and the review by Tanaka and Bleeker (1977) provide good overviews of this subject area. In this Letter, we delineate the consequences of the Einstein Observatory/HarvardSmithsonian Center for Astrophysics (CfA) stellar X-ray survey results for diffuse X-ray background observations in the 0.1-1 keV range, with particular emphasis on the 0.28-1 keV ("M") passband.
II. CALCULATIONS
In this Letter we are concerned with the average attributes of the stellar contribution to the X-ray sky at high galactic latitudes (|ft| > 30°). We have therefore chosen a simple model which reasonably describes the gross properties of the galactic star distribution and the interstellar medium (ISM), and we have used data from X-ray surveys of nearby stars (Vaiana et al 1981) to establish the most detailed X-ray luminosity functions 1 Guest Investigator, Einstein Observatory. 2 A1so from Weizmann Institute, Rehovot, Israel. available at present. Stars are assumed to be distributed exponentially above the galactic plane and uniformly within the plane in a region of radius < 3 kpc in the solar vicinity. The stellar space density is n^r) = H i (0)e -rsin^//3 ' pc~3,
where rc z (0) is the space density in the galactic plane, is the scale height perpendicular to the plane, and r is the distance from us to the source. The index i denotes the stellar class. We do not consider nondisk population stars; our present, very limited data for late subdwarfs are too meager. The ISM is assumed to be uniform and characterized by a single parameter, r 0 , the energyspectrum weighted photon mean free path. More detailed predictions, such as the expected stellar X-ray number counts for a given field, require a more sophisticated galactic model (cf. Bahcall and Soneira 1980) and are beyond the scope of this Letter. In all our calculations, fluxes and luminosities are defined for the passband of 0.1-3.5 keV unless explicitly stated otherwise.
If the ith source population is characterized by a normalized X-ray differential luminosity function fi(L x ), then the expected number of such sources per steradian brighter than a given X-ray flux level S* (ergs s" Vaiana et al. (1981) and derived mean L x for dM stars from the luminosity function shown in Fig. 1 .
b Stellar space density n(0) and galactic scale height ß are taken from Allen (1973) , pp. 247 and 251. For M dwarfs, n(0) is somewhat lower than that obtained by Wielen (1974) .
in CfA fields by comparison with the Ghese nearby star catalog (Topka 1980) .
The integral luminosity function we have obtained is shown in Figure 1 . We also determine the mean X-ray luminosity and the error bounds on the mean, using the procedures described by Avni et al (1980) . For dM stars, we obtain L = 2.3(+1.1, -0.7) X 10 28 ergs s -1
[1 a error bounds; the 2 a error bounds are (-b2.6, -1.2)].
III. RESULTS AND COMPARISON WITH OBSERVATIONS
f /(l^|) = (0)^/4777, ergs cm 2 s 1 sr \ (3) where L i is the mean X-ray luminosity of the i th source class, and ^ = r 0 -1 + sin|fr|/ß z is the effective inverse scale height.
Preliminary spectral analyses of stars from Einstein/ CfA stellar surveys show that stellar X-ray emission is characteristically thermal, with source temperatures in the 0.1-1 keV range (Vaiana et al 1981) . We assume that all sources considered have the same temperature (10 6 5 K). The photon mean free path r 0 is regarded as a free parameter, and we show calculations for r 0 ~ 200 pc and for r 0~ 10 kpc; these values of r 0 bracket the expected range of ISM absorption for \b\> 30° and allow us to estimate the effects of such absorption.
The assumed stellar population characteristics are summarized in Table 1 . As an average description of the galactic disk star distribution in the solar neighborhood, our model is consistent with the detailed model of Bahcall and Soneira (1980) . For dF, dG, and dK stars, we adopt an X-ray luminosity function of the form fi
, where L /(m) is the median X-ray luminosity, and 8(L) is the ô-function. Because the X-ray luminosity functions for all late spectral-type star populationsjhow extended high X-ray luminosity "tails," L i(m) < L i9 so that our assumption leads to an underestimate of the diffuse X-ray flux contribution from these stars. Because dwarf M stars are the dominant stellar contributors to the X-ray background, we construct a detailed X-ray luminosity function, using updated results from the Einstein Observatory/CfA stellar survey of nearby stars and the nonparametric, unbinned luminosity function analysis of Avni et al (1980) . The Imaging Proportional Counter (IPC) (Giacconi et al 1979a) data include all survey observations of dM stars within 6 pc, selected solely by a distance criterion, and observations of (and upper bounds on) X-ray emission from dM stars found a) Stellar log N -log S Behavior Figure 2 shows the estimated contributions of various disk stellar populations to the total X-ray stellar numbercounts for \b\ = 90° and r 0 = 200 pc; stars such as dwarf A stars and OB stars all contribute less than the smallest contributor class shown. As far as presently available observations are concerned ( S min > 10" 14 ergs cm -2 s" 1 for point sources), star counts in X-rays are little affected by the ISM as long as r 0 >; 200 pc. We predict that dwarf M stars are the most common disk population stellar X-ray source at all X-ray flux levels. The lower bound for dwarf F stars shows them to be competitors for flux levels above ~ 10" 13 5 ergs cm -2 s -1 . This conclusion does not conflict with the result reported by Vaiana et al (1981) that dF stars constitute the most commonly identified class of stellar X-ray emitters in the Einstein/CÍA magnitude-limited (K< 8.5) survey, because dM stars are optically too faint to be effectively sampled by the 8.5 mag survey. The error bars on the N(> S) curve (as well as those for the diffuse flux contribution discussed below) for dM stars were calculated using the method of Avni et al (1980) and reflect only the uncertainties in the X-ray luminosity function. Inclusion of uncertainties from the galactic model are beyond the scope of this Letter. To test our calculations, we compare them with observed number counts. Topka (1980) has obtained data for dF stars to construct an approximation to their log V-log S curve down to a limiting X-ray flux of ~ 10" 13 2 ergs cm -2 s" 1 . Topka's data points take into account only those stars which are optically brighter than V -8.5 and therefore somewhat underestimate the actual X-ray number counts. His data points are also shown in Figure 2 . It is apparent that we slightly underestimate the observed dF number counts, but this is expected, as pointed out above.
A further test can be provided by the Einstein Observatory/CfA Deep Surveys (Giacconi et al 19796; No. 1, 1981 GALACTIC SOFT X-RAY BACKGROUND LI Fig. 1 .-Integral X-ray luminosity function F for dwarf M stars. Also indicated are the values of X-ray luminosity detections and upper bounds (top of the figure) and the mean X-ray luminosity for dM stars. Griffiths et al. 1981) . At a limiting point-source flux of 1.3 X 10" 14 ergs cm" 2 s" 1 , our calculations predict 2.2(+1.2, -0.6) dM stars in a 40' X 40' field will be observed as X-ray sources at high galactic latitudes if r 0 ~ 200 pc. Detailed optical studies of the Pavo Deep Survey field (Griffiths et al. 1981) place an approximate 2 a upper limit of three for red star X-ray sources in this
-16 -14 _ -12 -10 LOG S [erg s -1 cm 2 ] Fig. 2. -Predicted log N-log S relations for dF, dG, dK, and dM stars for r 0 = 200 pc (solid curves). Spectral types and luminosity classes not shown contribute significantly less than the smallest contributor shown. Also indicated are the 1 and 2 o error bars for the dM star N(> S) curve (bracketing the filled circles), the 2 a upper bound on red stars obtained from the Einstein Observatory Deep Surveys (Griffiths et al. 1981) , and the approximate dF star log yV-log S points from the V < 8.5 survey (large unfilled circles and 1 a error bars; adopted from Topka 1980). field, not inconsistent with our prediction. One might be tempted to apply this test to earlier spectral types, because such stars have in fact been identified as optical counterparts to deep survey X-ray sources (Giacconi et al. 19796; Griffiths et al. 1981 ). This cannot be done as yet because we use the median X-ray luminosity in our present calculations for all stars other than the dwarf M stars. Because a significant fraction of stars of a given class lies in a high-luminosity tail, as indicated by the Einstein/CfA Stellar Survey data, it is these X-ray bright stars which first appear in the deep surveys. A proper calculation of the star luminosity functions for such stars, which will enable a comparison with the deep surveys, is currently in progress. b) Stellar Diffuse Soft X-ray Flux Contribution The integrated flux 1,(161) in the 0.28-1.0 keV range as a function of galactic latitude is shown in Figure 3 ; the 0.15-0.28 keV contribution is considered below. We display results for both r 0 ~ 200 pc (solid curve) and r 0 ~ 10 kpc (dashed curve; essentially no ISM absorption). We have restricted our calculations to galactic latitudes |6| > 30° in order to avoid the galactic plane. The integrated flux depends upon the ISM absorption properties, decreasing by a factor of ~ 3 as r 0 decreases to 200 pc (because the flux is largely contributed by distant stars). The following features stand out:
1. There is a substantial change in latitude dependence as ISM absorption is introduced; the effect of increasing absorption is to isotropize f z (| 61) for 161 > 30° (because as the nearby sources become relatively more dominant, the galactic structure is masked out). In the case of r 0 ~ 200 pc, there is virtually no latitude dependence of f/d6|) for 16| > 30°. 2. As is the case for number counts, the dominant stellar contributors are the dM stars, which provide a ~ 5 times larger flux than the next most important stellar class (dF stars).
3. We have used the Wisconsin results for the diffuse soft X-ray background and its spectral behavior between 0.1-2.0 keV (model [c] given in Fried et al. 1980) to estimate the observed diffuse flux between 0.28 and 1.0 keV. We obtain, for b < -30°, f total (0-28-1.0 keV) ^ (1.5-3.1) X 10 8 ergs cm 2 s 1 sr l .
Values as high as ~ 4.7 X 10" 8 ergs cm -2 s -1 sr -1 are attained only in isolated regions between latitudes -30° and -60°. Whether these features should be considered part of the diffuse background is at present uncertain 
or ~ 1.5%-3% of the maximum observed diffuse flux we estimate from the "C-band" observations of Fried et al. (1980) . If the stellar coronal temperature is ~ 10 6 K, the predicted stellar contribution rises by ~ 100%; if it is ~ 10 7 K, the contribution decreases by ~ 75% (we include here the effects of changing both the IPC count rate/flux conversion factor and the fraction of the flux falling within the passband). ISM absorption introduces comparable (or yet larger) uncertainties. A more definitive estimate of the stellar contribution to the diffuse No. 1, 1981 X-ray background below ~ 0.28 keV must thus await more extensive source temperature determinations.
Our results suggest that the integrated X-ray emission of disk population stars may be detectable in other galaxies. Taking the radius of our galaxy (~ 12.5 kpc) from Allen (1973) and using the data discussed in § II, we find that the galactic X-ray luminosity due to disk population M dwarfs is Zj0.28-l.0keV) >2.6 X lO^ergss" 1 .
A similar calculation for the halo population cannot be reliably carried out because of the small number of Population II stars in our current X-ray sample. Presently available Einstein Observatory data for nearby galaxies are not sufficiently sensitive to detect such a luminosity; for example, observations of Andromeda place upper limits on a diffuse galactic component which he just above the level given above (L. Van Speybroeck 1981, private communication) .
IV. CONCLUSIONS
Unlike earlier studies, our results for the stellar contribution to the diffuse soft X-ray background are based L9 mostly upon X-ray detections rather than only limited upper bounds. Our major result is that disk population stars (principally the M dwarfs) contribute significantly (~ 20%) to the observed diffuse soft X-ray background in the 0.28-1.0 keV passband, but relatively little to the background in the 0.15-0.28 keV range. Analogous previous studies were conducted at energies below ~ 0.28 keV and can therefore only be compared with our low-energy result. In fact, our result for the 0.15-0.28 keV passband is consistent with the most extensive previous study of the stellar X-ray background contribution (Vanderhill et al 1975) , which sampled only a small number of nearby M dwarfs at low sensitivity (when compared to typical Einstein observations). The highluminosity tail of the M dwarf X-ray luminosity function was not detected, and, consequently, the small (< 3%) dM star contribution to the soft X-ray background below 0.28 keV could not be established.
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